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The second issue of SCE-Science opens up the aperture to a wider 
glance at the diverse and innovative research conducted at SCE-Sha-
moon College of engineering.
The articles brought here present just a small portion of the bustling ac-
tivity of creation, cooperation, and study felt throughout our college.
In this issue are represented some of our senior researchers as well as 
some of our latest newcomers, which I am pleased to welcome to our 
College and wish them a prosperous and successful work during their 
time with us.
I was recently honored to take part in our annual researchers’ confer-
ence, which took place on July 14th. In this conference 14 researchers 
provided a brief but comprehensive and fascinating review of one of 
their major fields of work. It is clear that our goal of creating an envi-
ronment of top notch scientific development and innovation is high on 
its tracks. The quality of our researchers and their involvement in very 
relevant and applicable scientific work is crucial to the success of our 
institute as a center of learning and development. This also exposes 
our students- the engineers of the future, to the latest scientific ad-
vancements, and to the promotion of Israel’s south as an area from 
which important work and discoveries emerge.
I am proud to lead us to another year of excellence and achievement in 
R&D and wish all our researchers success and pleasure in their work.  
Prof. Jehuda Haddad
President
Now is the time for research & development at SCE, now is the time to 
increase our joint efforts on scientific developments and sow the seeds 
for future industrial products. In the last years Israel’s export has been 
decreasing and there is a need for new developments and especially 
for creativity and education.
We are gifted to be surrounded by a society of both talented students 
and  faculty  academic  staff.  Our  scientists  have  just  recently  won 
prestigious national and international as well as industrial grants.   The 
SCE Authority for Research & Development is eager to motivate all 
SCE researchers and provide R&D assistance on any matter that will 
forward us toward the goal of becoming a leading international research 
Institute.
Now is the time to train young researchers as a part of our sponsored 
scientific  projects,  in  order  to  create  an  upgraded  generation  of 
Engineers, qualified for the new Industrial worldwide needs.
Now is the time for all SCE dedicated researchers to cooperate with 
industries in order to increase the development and production, leading 
to  the  increase  of  Israel’s  annual  export  and  economical-industrial 
worldwide strength. 
I would like to wish us all a successful year of Research and Development 
full of excitement, innovation, fulfillment and productivity.
Dr. Amir Eliezer
Dean, The Authority for Research & Development 4
Polarization Switching
for  a  pump  wavelength  of  1550 
nm in LiNbO3). The two processes 
are simultaneously phase-matched 
by  a  quasi-periodic  modulation  of 
the  nonlinear  coefficient.  Our  de-
sign algorithm is a one-dimensional 
version  of  the  so-called  dual-grid 
method [2,3] which phase-matches 
the  two  processes  simultaneously. 
The switch was implemented in a 
10mm long electric-field poled LiN-
bO3 crystal. In figure 1 is presented 
the diffraction pattern of the selec-
tively etched device, showing high 
efficiency at spatial frequencies that 
correspond  to  the  two  nonlinear 
processes.
2. Experimental setup and results
First, the two SHG processes that 
are phase matched by the crystal 
were  characterized  independently, 
using a tunable CW diode laser las-
ing in the range of 1520–1580nm. 
By measuring the second harmonic 
power  as  a  function  of  the  pump 
1. Introduction
All-optical devices such as switch-
es, transistors and couplers are of 
considerable interest today, essen-
tial for the realization of self control-
led optical effects. In collaboration 
with Prof. Ady Arie and his students 
from Tel-Aviv University, Department 
of Physical Electronics, we demon-
strate for the first time a new type 
of  all-optical  polarization  switch, 
based on a proposal of  Saltiel and 
Deyanova in 1999 [1]. This switch 
is  intensity  dependent,  i.e.  at  low 
intensities  the  polarization  remains 
essentially  unchanged  and  as  the 
input intensity increases, a part of 
it is converted into the orthogonal 
polarization. This is based on two 
collinear  cascaded  three-wave-
mixing interactions of up conversion
wΥ+wΥ=2wΥ and  down  conversion 
2wΥ-wΥ=wZ  processes.  These  two 
processes have different phase mis-
match vectors (0.39μm−1 for the up-
conversion process, and 0.66μm−1 
for  the  down-conversion  process, 
Dr. Irit Juwiler, 
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Figure 1: 
(a) The diffraction pattern photograph of the quasi-periodic nonlinear 
photonic  crystal  where  the  two  relevant  Fourier  frequencies  are 
marked. (b) Fourier transform of the theoretical quasi-periodic design. 
(c)  Experimental  results  and  theoretical  curves  of  the  two  SHG 
interactions, showing the phase-matched wavelength dependence 
on temperature for the YYY and YZY processes. The intersection 
points of the measured and theoretical processes are different due to 
inaccuracies of the Sellmeier equation for ordinary polarization.
Figure 2: 
Measurements of the polarization switched intensity (solid curves) as 
a function of temperature at a constant  wavelength (a) and as a 
function of wavelength at constant temperature (b), together with the 
two SHG processes it is based upon (dotted and dot-dash curves), 
along  with  the  theoretical  polarization  switched  curve  (dashed 
curves). 
power,  the  internal  conversion  ef-
ficiency  coefficients  of  10-4  %W-1 
and 10-3 %W-1 for the YYY and YZY 
processes were deduced, respec-
tively.  As  shown  in  Figure  1c  the 
curves  of  phase-matched  wave-
length  versus  crystal  temperature 
of  the  two  processes  intersect  at 
temperature of 1360C and at wave-
length  of  1550nm,  providing  the 
operating parameters for cascading 
the two processes.  Next, the po-
larization  state  of  the  fundamental 
beam  that  was  controlled  by  the 
cascaded  processes  was  char-
acterized  using  Nd:YAG  pumped 
PPLN  optical  parametric  oscillator 
(OPO).  The  pulses  generated  by 
the OPO are of about 6ns duration, 
15μJ  energy  and  1.5nm  spectral 
width. The OPO signal beam was 
coupled to the crystal in the ordinary 
(Y) polarization, and the intensity of 
the  fundamental  wavelength  that 
was generated at the extra-ordinary 
(Z)  polarization  was  measured  as 
a function of both wavelength and 
temperature around the intersection 
parameters of the two SHG proc-
esses, as shown in Figure 2a and 
b. As predicted, the efficiency of the 
fundamental  polarization  switching 
is strongly correlated with the two 
cascaded  processes  it  is  based 
upon,  thereby  verifying  the  opera-
tion of the switch.
3. Discussion 
The advantages of a nonlinear po-
larization  switch  are  that  it  can 
be  tuned  by  changing  the  phase 
matching  conditions,  e.g.,  wave-
length or temperature, and can be 
all-optically controlled. The polariza-
tion switching obtains an efficiency 
of 3.10-12%W-2, which is a better ef-
ficiency in three orders of magnitude 
more than similar devices, that rely 
on cubic nonlinearity. Consequent-
ly,  applications  of  pulse  cleaning, 
mode locking and switching which 
have so far been limited to femto-
second  pulses  owing  to  damage 
consideration, can be extended to 
the pico-second regime.
[1] S. M. Saltiel, and Y. Deyanova, 
“Polarization  switching  as  a  result 
of cascading of two simultaneously 
phase-matched  quadratic  proc-
esses,”  Opt.  Lett.  24,  1296-1298 
(1999).
[2]  R. Lifshitz, A. Arie, and A. Ba-
habad, “Photonic quasicrystals for 
nonlinear optical frequency conver-
sion”, Phys. Rev. Lett. 95, 133901 
(2005).
[3]  A. Bahabad, R. Lifshitz, N. 
Voloch and A. Arie “Nonlinear pho-
tonic quasicrystals for novel optical 
devices”, Phil. Mag. 88, 2285-2293 
(2008). 6
As the service sector continues to 
grow  in  size  and  importance  and 
service  systems  become  more 
comprehensive, complex, and inter-
disciplinary,  a  dire  need  arises  for 
more  service  systems  research  to 
develop new knowledge, language, 
methods, and skills to improve and 
fine tune service science. Moreover, 
as the world transforms into more of 
a global village, service faces unique 
challenges requiring greater innova-
tion.
Service science is the study of serv-
ice  systems—value  co-creation 
configurations  of  people,  informa-
tion, and technology (e.g., language, 
laws, measures, and methods) —to 
create a basis for systematic service 
innovation. The main goal is to apply 
scientific methods and understand-
ing and share the same language, 
matrices, and tools to design, im-
prove, and scale service systems. 
Traditionally,  researchers  from  dif-
ferent disciplines, such as market-
ing, computer science, information 
systems,  and  operations,  have 
defined and analyzed service from 
different points of view. But recent 
years  have  witnessed  one  of  the 
most  important  changes  to  serv-
ice  philosophy:  namely,  the  move 
toward  combining  all  these  points 
of  view  in  service  research.  As  a 
result, there has been a shift from 
service products that are economi-
cally measurable and management-
oriented to values that are more op-
erational  and  socially  responsible. 
Sustainability,  which  is  defined  as 
the  capacity  of  an  eco-system  to 
bear the stress of processes while 
maintaining them into the future and 
preserving enough space for subse-
quent generations, is currently the 
main  paradigm  for  environmental 
preservation.  Sustainability  bridges 
between body and soul, and human 
and nature to meet the needs of the 
present  without  compromising  the 
ability of future generations to meet 
their own needs.
But sustainability relies on compre-
hensive, long-range planning that si-
multaneously accounts for and inte-
grates numerous fields and factors. 
In addition, it should consider both 
local and global characteristics and 
processes.  Intimately  connected 
with the continuity of the economic, 
social,  and  environmental  aspects 
of  life,  sustainability  demands  that 
people begin living more maintain-
able and sensible lives instead of liv-
ing day to day. However, although 
both knowledge and awareness of 
sustainability  have  increased  tre-
mendously  in  the  past  few  years, 
little has happened “on the ground” 
and we have made no real change 
in our lifestyles, an interim outcome 
due mainly to the complexity of liv-
ing a truly sustainable life. 
We recently presented a novel per-
spective and model that describes 
the  relationship  between  sustain-
ability and service in the framework 
of service science by defining both 
sustainable service and sustainabil-
ity as service and by describing their 
mutual relationship (Fig. 1, [1]).
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It  seems  that  Better  Place  under-
stands  that  the  real  challenge  in 
devising  a  sustainable  private  car 
solution must integrate the relevant 
services  needed  for  the  batteries, 
the cars, and the charging network. 
In keeping up with the basis of what 
a  sustainable  service  should  be, 
Better Place is promoting a global 
solution, one that will affect not only 
its own customers, but also all of hu-
manity by reducing greenhouse gas 
emissions and the global depend-
ence on oil. Yet, although it aspires 
to  introduce  to  the  transportation 
market a more global and compre-
hensive sustainable solution, Better 
Place should also evaluate whether 
all the links in its supply chain (i.e., 
raw materials, wholesalers, distribu-
tors, etc.) advocate sustainability as 
well. In addition, it should also con-
tinue  to  strive  to  implement  more 
environmental, social and economic 
elements in all aspects related to its 
core function, i.e., sustainable elec-
tric energy charging. 
The Better Place example illustrates 
the new challenges to service design 
methodologies  inherent  in  design-
ing sustainable services. Integrating 
sustainability  requires  service  de-
signers to gain a holistic perspec-
tive on the needs of customers and 
on the requirements and constraints 
of  the  network  of  service  actors. 
In  addition,  service  design  should 
not merely meet customer require-
ments, but it should also aspire to 
create  new  value  propositions.  In-
formation technology plays a pivotal 
role in establishing this holistic per-
spective in the stages of design and 
planning and in maintaining it during 
service provision.
In sum, we show that sustainability 
is not a mere response to societal 
and  regulatory  requirements,  but 
rather, it offers opportunities to cre-
ate new value propositions and to 
develop  new  service  industries.  A 
key prerequisite is the flexible and 
holistic methodological guidance in 
designing and provisioning sustain-
able services. 
1.Wolfson, A., Tavor, D., Mark, S., 
Schermann,  M.,  Krcmaar,  H.  S3-
Sustainability and services science: 
novel  perspective  and  challenge, 
Services Sci. 2010;2(4); 216-224.
2.Wolfson, A., Tavor, D., Mark, S., 
Schermann, M., Krcmaar, H. Better 
Place: A case study of the recipro-
cal  relations  between  sustainabil-
ity and service, Services Sci. 2011; 
3(2);172-181.
Prof.  Wolfson,  Dr.  Mark  and  Prof.
Tavor have been awarded the pres-
tigious  IBM  Smarter  Planet  Indus-
try  Skills  Innovation  Awards  2010.
The new model defines sustainable 
service  as  that  which  fulfills  cus-
tomer demands without negatively 
influencing  the  customer’s  natural 
and  social  environments.  Further-
more,  sustainable  service  can  be 
maintained for long periods of time, 
and  together  with  manufacturing 
and agriculture, it is part of a new 
service  that  facilitates  the  transfer 
of sustainability as value to the next 
generation. The model emphasizes 
two important issues: first, to deliver 
sustainability as value, we must in-
tegrate  services,  agriculture,  and 
manufacturing  processes.  Sus-
tainable  service  also  relies  on  the 
integration  of  natural  resources, 
knowledge  and  information,  and 
technologies.  Second,  every  cus-
tomer of each of those services be-
comes a supplier of sustainability. In 
addition, the model also illustrates 
the  importance  of  service  science 
as  an  umbrella  for  comprehensive 
and  complicated  service  systems, 
which are combined with manufac-
turing and agriculture processes.
In order to test the new model, we 
have  examined  the  opportunities, 
solutions, and challenges of Better 
Place, a global provider of electric 
vehicle (EV) networks and services, 
as a case study. The Better Place 
service attitude seems to fit the S3 
model,  indicating  that  the  model 
can  be  applied  to  any  company. 
    Sustainability and 
Services Science: 
Figure 1: S3—Sustainability as Service Science Model. 8
Irit Berman 
Department of Industrial 
Engineering and 
 Management
SCE- Shamoon College 
of Engineering
Dr. Adi Katz
Department of Industrial 
Engineering and 
 Management
SCE- Shamoon College 
of Engineering 9
Today,  computer  mediated  com-
munication (CMC) is most crucial in 
the activities of organizations and in 
their success. Organizational work-
ers need more than ever to share 
knowledge, and are involved in joint 
activities that need the support of 
information  systems.  The  overall 
success of organizations is certainly 
dependent  on  CMC  that  need  to 
be designed to achieve a high level 
of mutual understanding and mini-
mal occurrences of communication 
breakdowns. The most widespread 
mode of CMC at work is email. 
This  study  examines  the  possible 
ways to enhance CMC among us-
ers  exchanging  email  messages 
in a company named Artigiani that 
specializes  in  manufacturing  han-
dles,  hangers,  and  bathroom  ac-
cessories.  We  closely  examined 
communication  in  Artigiani,  and 
conducted  a  content  analysis  of 
email messages. We were particu-
larly interested in the exchange of 
messages between customer serv-
ice representatives (CSRs) and their 
customers  (carpenters,  contrac-
tors,  architects,  interior  designers 
and private customers) and identi-
fied  communication  breakdowns 
and misunderstandings that mainly 
resulted from differences in knowl-
edge and perspectives. 
We  follow  previous  work  in  CMC 
that stresses the need for reinvent-
ing the email client, and focus on 
a  communicational  strategy  called 
contextualization. We present a pro-
totype for an email user interface in 
which contextualization is a central 
component for enhancing effective 
CMC and for effectively managing 
and controlling organizational activi-
ties. 
Email  users  are  often  frustrated 
with  their  electronic  mail,  and  are 
overwhelmed  by  the  high  volume 
of messages. It seems that current 
structures  within  email  accounts 
prove inadequate, and we claim that 
the  need  for  reinventing  the  email 
account, moving it from the current 
electronic analog of physical mail to 
a tool that allows users to manage 
all  of  their  digital  communications 
(Rohall et al., 2001) still remains. 
Communication Breakdowns 
and Contextualization 
In the current research we focus on 
task-oriented  communication  and 
on  communication  problems  that 
are potentially present in organiza-
tional processes, which involve co-
operative work between groups of 
workers with a different occupation-
al background. Differences in termi-
nology  and  knowledge  eventually 
create distance between individuals 
who need to communicate in order 
to complete their tasks successfully 
(Fischer 1981, Schein, 1996; Som-
merville, Rodden & Dix, 1996).   
Current  communication  theories 
suggest  that  misunderstandings 
and  communication  breakdowns 
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may be reduced by contextualiza-
tion, i.e., providing the explicit ad-
dition  of  contextual  information  to 
a  core  message  to  ensure  effec-
tive communication (Katz & Te’eni, 
2007). The lack of contextualization 
is one of the most frequently occur-
ring problems in communication be-
tween distributed workers (Cramton 
2001,  Hinds  &  Bailey  2003(.Mes-
sage senders are not always effec-
tive  communicators,  and  are  not 
always  aware  of  the  difference  in 
perspectives of their recipients and 
therefore may use contextualization 
inappropriately.
Artigiani as a Case Study
of CMC 
We examined communication in Ar-
tigiani, and found a massive activ-
ity of email exchange, as email is a 
communication  channel  to  handle 
various organizational activities. The 
current  study  focuses  on  design-
ing an effective CMC that enhanc-
es  good  communication  between 
CSRs and customers.
We  observed  communication  and 
organizational processes and con-
ducted content analysis in sixty email 
exchanges  collected  in  Artigiani 
during  the  summer  of  2009  (for 
about two months). Consequently, 
we roughly distinguish between two 
purposes for contextualization:
1)  Task  management:  Contex-
tualization aimed for improving the 
user’s ability to effectively manage 
his  organizational  activities  and 
tasks, and to improve related deci-
sion making.
2) Communication: Contextualiza-
tion for improving CMC, i.e. achiev-
ing  a  high  level  of  mutual  under-
standing and minimal occurrences 
of communication breakdowns.
Design
We present a prototype for an email 
user interface designed for CSRs in 
which contextualization is a central 
component for effectively managing 
activities  and  enhancing  effective 
CMC in Artigiani. Respectively, con-
textualization  must  rely  on  organi-
zational knowledge for two compo-
nents: 
1) Knowledge for providing the addi-
tional context layers around action; 
2)  Knowledge  for  identifying  the 
conditions  in  which  to  contextual-
ize  messages  (Schwartz  &  Te’eni, 
2000).
Our  email  prototype  includes  cur-
rent email features, with the follow-
ing additional components: 
1.Graphical representation of mes-
sage threads (email conversations) 
located on a timetable, following the 
>
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Figure 1: 
Contextualization with 
Embedded Links and 
Threading Visualization.
works  of  Kerr  (2003),  Kerr  &  Wil-
cox (2004), Venolia & Neustaedter, 
2003, and Rohall et al. (2001). Such 
representation allows users to see 
the wider context of the messages 
they  are  reading  and  produces  a 
useful tracking of conversations. In 
addition, it highlights extremely use-
ful  attributes  of  a  thread  such  as 
relationships  between  the  people 
involved  in  each  conversation,  all 
messages sent by a particular per-
son, all messages sent on a partic-
ular time range (day, week, month) 
and all messages ascribed to a cer-
tain milestone (distinguished stages 
such as orderings, production and 
supply);  
2.Message  flags  to  highlight  mes-
sages that are considered high pri-
ority  according  to  the  urgency  of 
pending tasks; 
3.Access  to  contact  cards  to  en-
sure  appropriate  contextualization. 
Contact cards serve as a reference 
when  composing  a  message  and 
enable the user to actively seek for 
relevant information about contacts, 
and then to consciously decide on 
to whom to contextualize what.
4.Hypertext in out coming mail con-
tent and OM views in such way that 
imitates the main feature of kMail, a 
knowledge-enhanced email tool that 
ties  organizational  memories  (OM) 
effectively to organizational actions 
using  contextualization  (Schwartz 
& Te’eni, 2000). KMail’s URL-based 
OM  enables  the  linking  of  knowl-
edge to ongoing communication, to 
achieve successful communication. 
5.Hypertext  in  incoming  mail  con-
tent,  as  an  elaboration  of  kMail’s 
idea of OM views.
Elements 4-5 use meta-knowledge 
about  senders  and  receivers  to 
match  their  profiles  and  estimate 
their distance. The embedded links 
are  designed  to  be  automatically 
created by the email program based 
on the distance detected.
Figure1 presents a screen of an in-
coming message from a customer 
that  was  parsed,  and  associated 
with a memory item of a figure of a 
door  handle,  and  therefore  hyper-
linked to an OM view. 
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Galois cover of X. This group is the 
kernel of the projection and it is an 
important invariant of X.
Surfaces which were already investi-
gated are Hirzebruch surfaces, a self 
product of the projective line and its 
product with a complex torus, toric 
varieties and some K3 surfaces ([1], 
[2], [3], [4], [5], [6], [7], [8]).
Having  obtained  the  braid  mono-
dromy factorization of the curve S 
and the fundamental group G, we 
proceed  in  two  approaches,  one 
based  on  algebra,  the  other  one 
based on knot theory.
(1) Algebra.
We  research  Coxeter  and  Artin 
groups. These groups turned out to 
be invariants of the surface as well.
We consider a dual diagram T of the 
Dynkin diagram which has a natural 
map onto the Coxeter group Sn or Bn 
or Dn. This idea was first introduced 
in [16], and further developed in [9]. 
We denote these Coxeter groups by 
C(T). The group C(T) has a quotient 
CY (T), which is a special type of the 
generalized Coxeter groups defined 
in  [13].  These  groups  arise  in  the 
computation of certain invariants of 
surfaces [17]. We proved that CY (T) 
is isomorphic to a group AH,t,n x H, 
where n is the number of the verti-
The  topology  of  complex  alge-
braic  surfaces  is  one  of  the  cen-
tral  branches  of  modern  algebraic 
geometry.  We  classify  algebraic 
surfaces  by  developing  invariants 
which differentiate between them in 
the moduli space of surfaces.
We embed an algebraic surface X 
in a projective space. Projecting X 
onto the projective plane, we obtain 
the branch curve S of the surface 
(the ramifications of the projection) 
which we study by degenerating X 
into a union of planes X0.
The  braid  monodromy  technique 
[14, 15] gives us the braid mono-
dromy  factorization  of  S,  it  is  an 
invariant  which  distinguishes  be-
tween  connected  components  of 
the moduli space.
Applying  the  van  Kampen  Theo-
rem [18] we obtain the fundamen-
tal group G of the complement of 
S. This group is a discrete and im-
portant invariant of the surface. For 
example, pairs of surfaces already 
exist  which  have  the  same  Chern 
numbers  and  non-isomorphic  Gs, 
see [11].
The  group  G  leads  us  to  other 
groups such as the Coxeter and Ar-
tin groups. Moreover, by projecting 
G onto the symmetric group Sn, we 
obtain the fundamental group of the 
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ces in T, t is the number of the cy-
cles in T and H Є {Sn, Bn, Dn}. For 
each such H, there is an Artin group 
A(H) such that H ≈ A(H)/‹‹s2
1, s2
2,…… 
s2
n ››. Artin groups associated with 
finite Coxeter groups have a topo-
logical interpretation [12].
(2) Knot Theory
Knots  and  links  are  an  alternative 
model  of  the  braids  in  the  braid 
monodromy  factorization.  We  in-
vestigate the singularities appearing 
in the branch curve by finding these 
models and fixing new invariants for 
surfaces.
The  closure  of  a  braid  is  a  knot, 
which is the topological embedding 
of a circle into the three-sphere, or 
a link, which is several embedded 
circles.
A knot diagram is a plane embedding 
of a knot onto the plane together 
with over- and under-crossing infor-
mation. Two diagrams represent the 
same link if there is a sequence of 
moves taking one to the other. It is 
this combinatorial insight that allows 
one to neglect the smooth topologi-
cal structure. As knots and links are 
often difficult to present rigorously, 
the description in terms of braid is 
often  convenient  for  calculations. 
The very large undertaking of a cen-
sus of invariants for relatively small 
knots  and  links  has  begun;  how-
ever, there is still much data missing 
for links with more than just a few 
components.
The fundamental problem in the knot 
theory is to distinguish between dif-
ferent  knots;  a  possible  solution 
lies in the construction of algebraic 
invariants, i.e. the knot group, the 
fundamental group of the comple-
ment of the knot in the three-sphere 
or the Alexander polynomial.
In  recent  years  categorification  of 
this and other knot polynomials has 
been  constructed,  i.e.  knot  Floer 
homology has been developed out 
of the Heegaard Floer homology of 
three-manifolds.  Categorification 
has finally allowed us to answer the 
question  of  distinguishing  at  least 
the unknot (the trivial knot).
Summarizing  briefy  the  goals  of 
the research and the applied meth-
ods, the research project combines 
methods from geometry, group the-
ory, low dimensional topology, knot 
theory and computational methods 
to attack the problem of classifica-
tion of surfaces.
In an algebraic point of view, in [9] 
and [10] we developed signed dia-
grams, which enable us to describe 
quotients of some Coxeter and Ar-
tin groups as a semidirect product 
of a group whose invariants are the 
number of edges and the number 
of cycles of the diagram, with one 
of  the  classical  Coxeter  or  Artin 
groups. We develop structures nec-
essary to generalize these results to 
wider classes of Coxeter and Artin 
groups.
In a point of view of knots, we try to 
characterize the braids in the braid 
monodromy factorization by way of 
local  intersection  points  in  the  al-
gebraic surfaces and categorize its 
building blocks; we plan to give a 
complete list for higher multiple in-
tersection points, and expect to ob-
tain new local orderings in deforma-
tions of surfaces to answer various 
questions in algebraic geometry.
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Spray  drying  is  a  widely  applied 
technology  used  to  transform  so-
lutions,  emulsions  or  suspensions 
into dry granules, particle agglomer-
ates or powder, by feeding the liquid 
mixture as a spray of droplets into 
a medium with a hot drying agent 
(Figs.  1,2).  Because  spray  drying 
can be used either as a preservation 
method or simply as a fast drying 
technique, this process is utilized in 
many industries, such as food man-
ufactures,  pharmaceutical,  chemi-
cal  and  biochemical  industries.   
Spray drying is a rapid process (up 
to  several  seconds)  compared  to 
other methods of drying (e.g., pulse 
combustion  drying,  drum  drying, 
freeze drying) due to the small spray 
droplet sizes and their large specific 
surface areas that maximise rates of 
heat and mass transfer. For this rea-
son this technique is the preferred 
drying method for many thermally-
sensitive materials.
Recent  advancements  in  technol-
ogy  lead  to  the  appearance  of  a 
novel prospective field of spray dry-
ing - nano spray drying. In contrast 
to  the  conventional  spray  drying, 
nano spray drying allows producing 
particles in the size range of 300 nm 
to 5 μm with a narrow size distribu-
tion.  Moreover,  nano  spray  drying 
achieves higher product yields, up 
to 90% (70% in conventional tech-
niques)  owing  to  reduced  fouling 
since  the  minimal  sample  volume 
is  1  mL  (previously  50  mL).  Nano 
spray drying utilizes three new tech-
nologies: a piezoelectric droplets at-
omizer, a heating system providing 
Modern Spray Drying: 
Toward Nano-Metric 
Particles Formulation
Dr. Maksim Mezhericher
Department of Mechanical 
Engineering 
SCE-Shamoon 
College of Engineering
Figure 1: Schematic of spray drying process (GBM & Co.)
Figure 2: Powders and particulates obtained in a spray drying process 15
Figure 5: Three-dimensional sketch of spray dryer 
(left) and 2D numerical grid of the computational 
domain (right)
Figure 6: Predicted flow fields of air velocity (in m/s). Case “a” 
- pure water droplet drying, cases “b” and “c” - drying of  silica 
slurry droplets using “escape” and “rebound” wall conditions
Figure 7: Predicted particle trajectories coloured by particle 
surface temperature (in Kelvin). Case “a” - pure water droplet 
drying, cases “b” and “c” - drying of  silica slurry droplets using 
“escape” and “rebound” wall conditions
c b a c b a
Figure  4:  Principle  of  piezoelectric 
spray atomization and SEM image of 
particulates  obtained  in  nano  spray 
dryer (BÜCHI Labortechnik AG)
a laminar flow of a drying agent and 
an electrostatic collector of fine par-
ticles (Figs. 3,4). Today nano spray 
drying  is  becoming  widespread  in 
the pharmaceutical market: because 
of  the  small  sample  volumes  and 
the high yields it is suitable for spray 
drying of expensive substances dur-
ing basic test studies. Examples of 
possible  pharmaceutical  products: 
inhalable drugs, nano- and micro-
encapsulation  of  liposomes,  stabi-
lization  of  heat-sensitive  vaccines, 
insulin, growth hormones, encapsu-
lation of nanoparticle drugs for high 
bioavailability, nanocapsules of bio-
degradable polymers, porous drug 
carriers  for  nanoparticle  suspen-
sions, and excipients for controlled 
drug  release.  In  material  science 
nano spray drying offers new pros-
pects in nano-materials: fine metal 
particles  for  novel  catalysts,  fine 
magnetic  powders,  fine  pigments 
for paints and coatings, carbon na-
notubes  as  additives  for  rubbers, 
ceramics with novel structures and 
high specific surface area, titanium 
oxide and silica nanoparticles, na-
noparticle suspensions. Nano spray 
dryers  can  be  also  useful  in  food 
manufacturing  of  vitamins,  func-
tional nanometric additives and en-
capsulation of fruit aromas, flavours, 
fish oil or perfumes.
The  advances  of  spray  drying 
technology  could  not  be  possible 
without  the  extensive  fundamen-
tal and applied scientific research. 
Recently, the author has developed 
a  new  theoretical  model  of  the 
steady-state spray drying process. 
This two-dimensional axisymmetric 
model utilizes a two-phase flow Eul-
erian-Lagrangian approach and in-
volves a comprehensive description 
of the droplet drying kinetics. Three 
different cases of spray drying proc-
ess  were  numerically  investigated 
utilizing the CFD package FLUENT. 
In  the  first  case,  the  drying  proc-
ess was simulated using the built-in 
FLUENT drying kinetics model (pure 
water  droplet  drying),  and  in  the 
second and third cases the drying 
of silica slurries was modelled with 
the help of original two-stage drying 
kinetics implemented into FLUENT 
via  the  set  of  user-defined  func-
tions. In the first and second cases 
particles hitting chamber walls were 
considered  to  “escape”  from  the 
domain, whereas in the third case 
the particle rebound was assumed. 
The slurry consisted of amorphous 
silica spherical particles with a me-
dian size of 272 nm and density of 
1950 kg/m3. These primary particles 
are dispersed in water with an initial 
moisture content of 1.4. The results 
of  the  numerical  simulations  (Figs. 
5-7)  demonstrated  a  considerable 
influence of the utilized drying kinet-
ics model on the predicted heat and 
mass transfer in the drying chamber. 
It has been concluded that a proper 
modelling of the droplet drying ki-
netics as well as a realistic setting 
of boundary conditions is crucial for 
the numerical representation of the 
actual spray dryer performance.
Currently, the author is working on 
the  development  of  novel  droplet 
drying kinetics suitable for descrip-
tion of the drying behaviour of nano-
metric  particulates.  The  prospect 
work will be focused on fully three-
dimensional  unsteady  modelling 
of  spray  drying  process,  including 
nano  spray  drying,  as  well  as  ex-
perimental validation of the devised 
model.
Figure 3: Schematic of 
nano spray dryer 
(BÜCHI B-90) 16
As  environmental  awareness  in-
creases and natural resources de-
plete,  sustainability  should  be  in-
corporated  into  any  process  and 
product  design.  The  need  for  ef-
ficient and green technologies has 
compelled  organic  chemists  and 
chemical engineers to develop new 
reactions and strategies that enable 
conversion  of  simple  compounds 
into  complex  materials.  In  the 
last  decade,  a  new  paradigm  has 
emerged, focusing on pollution pre-
vention rather than the typical treat-
ment  and  remediation,  e.g.  green 
chemistry and engineering. 
The  sustainability  of  a  chemical 
process  is  derived  from  materials 
and  energy  consumption,  reaction 
performance, and separation proce-
dures (Fig. 1). As organic chemistry 
is traditionally carried out in solution, 
and as solvents are responsible for 
a large part of the waste and pol-
lution generated by chemical proc-
esses,  a  key  factor  to  enabling  a 
sustainable chemical process is sol-
vent selection. 
In the past two decades a variety 
of  environmentally  benign  solvent 
alternatives  have  been  proposed, 
including water, ionic liquids, fluor-
ous solvents, and supercritical flu-
ids. However, their implementation 
in  industrial  processes  is  still  very 
limited due to a lack of experimental 
data and familiarity, and to obsta-
cles such as operational restrictions 
and high costs. 
Glycerol (glycerin, 1,2,3-propanetri-
ol) has recently been proposed by 
us as a sustainable solvent for or-
ganic reactions [1, 2]. A by-product 
of fatty acid ester production from 
renewable sources and widely avail-
able and inexpensive, glycerol can 
be used as a solvent without puri-
fication.  It  has  promising  physical, 
chemical, and biological properties 
that make it non-volatile, non-haz-
ardous, recyclable, and biodegrad-
able, i.e., it is a green solvent. 
Like  other  polar  organic  solvents 
such as DMSO and DMF, glycerol 
dissolves inorganic salts, acids and 
bases, enzymes and transition met-
al complexes, but it also dissolves 
organic compounds that are poorly 
as a sustainable solvent for 
sustainable process design
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miscible  in  water  and  it  is  non-
hazardous.  Hydrophobic  solvents 
such as ethers, hydrocarbons and 
supercritical carbon dioxide, which 
are  immiscible  in  glycerol,  enable 
the  simple  extraction  of  reaction 
products. Product distillation is also 
feasible due to the high boiling point 
of glycerol. 
Based  on  all  the  advantages  out-
lined above glycerol was success-
fully employed as a reaction medium 
in a wide variety of organic reactions 
and synthesis methodologies using 
homogeneous  and  heterogeneous 
chemo- and bio-catalysts and cat-
alyst-free systems [1-6]. As a non-
volatile, highly polar organic solvent 
with  hydroxyl  substitution,  glycerol 
is also very attractive and applicable 
in  microwave-promoted  reactions 
[1-3, 6]. In addition, non-volatile up 
to very high temperatures, glycerol 
is  superior  to  water  and  other  or-
ganic solvents typically used for this 
purpose. 
In addition to its use as a solvent, 
glycerol can also function as a reac-
tant. One example of such a system 
is the lipase catalyzed kinetic reso-
lution of an ester racemate in glyc-
erol, for which the glycerol functions 
as both solvent and resolving agent 
[7].  In  another  example,  glycerol 
is  used  simultaneously  as  solvent 
and hydrogen donor in the catalytic 
transfer-hydrogenation  of  various 
unsaturated  organic  compounds 
while oxidizing to dihydroxyacetone 
[8]. Using glycerol as the hydrogen 
source  in  a  transfer-hydrogenation 
system results in very high product 
yields, and glycerol is dehydrogen-
ated  to  dihydroxyacetone,  a  valu-
able  intermediate  in  the  produc-
tion  of  many  chemicals.  This  new 
catalytic system does not produce 
large amounts of waste as does the 
system with the metal hydride, and 
unlike hydrogenation with molecular 
hydrogen,  neither  special  equip-
ment nor precautions are necessary. 
Moreover, as was previously shown, 
glycerol also enables easy product 
separation and catalyst recycling. 
1.Wolfson, A., Dlugy, C., Shotland, 
Y.  Glycerol  as  a  green  solvent  for 
high product yields and selectivities. 
Environ. Chem. Lett. 2007;5(2):67-
71.
2.Wolfson, A., Dlugy, C., Tavor, D. 
Glycerol as a sustainable solvent for 
homogeneous catalysis, in Poehler, 
A.C. Ed. “Homogeneous Catalysts: 
Types, Reactions and Applications”, 
Nova Publishers. 2010.
3.Wolfson, A., Dlugy, C., Tavor, D. 
Glycerol  as  a  sustainable  solvent 
for  sustainable  process  design, 
J.  of  Sustainable  Manufacturing 
and  Renewable  Energy  2011;1(1).
4.Wolfson, A., Dlugy, D., Tavor, D., 
Blumenfeld, J., Shotland, Y. Baker’s 
yeast catalyzed asymmetric reduc-
tion in glycerol. Tetrahedron: Asym-
metry, 2006;17(14):2043-2045.
5.Wolfson,  A.,  Litvak,  G.,  Dlugy, 
C., Shotland Y., Tavor, D. Employ-
ing  crude  glycerol  from  biodiesel 
production as an alternative green 
reaction  medium.  Industrial  Crops 
and Products 2009;30(1):78-81.
6.Wolfson, A., Dlugy, C. Palladium 
catalyzed  heck  and  suzuki  cou-
pling  in  glycerol.  Chem.  Papers 
2007;61(3):228-232.
7.Dlugy, C., Wolfson, A. Lipase cat-
alyse glycerolysis for kinetic resolu-
tion of racemates. Bioprocess and 
Biosystems  Eng.  2007;30(5):327-
330.
8.Wolfson, A., Dlugy, C., Shotland, 
Y.,  Tavor,  D.  Glycerol  as  solvent 
and  hydrogen  donor  in  transfer 
hydrogenation-dehydrogenation re-
actions. Tetrahedron letters (2009); 
50:5951-5953.
Figure 2: 
Transesterification of triglycerides.
Figure 1: 
Considerations for a sustainable organic process. 18
A Two-Campus
Transport Problem
from one campus to the other and 
back, using a set of k vehicles each 
with capacity C, so as to minimize 
the time the lecturers wait for their 
transport. 
We provide a complete algorithm for 
solving the one directional scenario. 
One-directional  refers  to  the  parti-
tioning of N into k groups, each rep-
resenting a transport from one city 
to the other, regardless of the fact 
that the same vehicles are needed 
to  transfer  passengers  also  in  the 
opposite  direction.  We  distinguish 
between two types of passengers 
(or requests), referred to as “s-type” 
and “r-type”. Passengers of "s-type" 
are transported to start their daily 
teaching  obligation,  while  “r-type” 
passengers are returning home af-
ter having completed them.
Stating  it  mathematically  we  have 
two given sets S={s1,s2,...,sm} and 
R={rm+1,rm+2,...,rm+n},  representing 
the  requested  departure  times  of 
s-type and r-type lecturers, respec-
tively. The target is to optimally di-
vide SUR into k subsets, each rep-
Problems of transport are of a ma-
jor concern to many organizations. 
Examples can be found in distribu-
tion centers transporting merchan-
dise to their customers, in institutes 
employing large numbers of work-
ers with the responsibility for their 
transportation, etc. Many variations 
of  transport  problems  are  studied 
in real life and in the academic lit-
erature. These are commonly NP-
Hard.  Heuristic  and  Metaheuristic 
methods were developed to solve 
such problems.
Here we present a unique transport 
problem  we  have  become  familiar 
with at our college. Each lecturer, ac-
cording to her teaching hours, sends 
a request with the time she wishes 
to depart her hometown (Ashdod or 
Beer-Sheva) and the time she wants 
to return from the distanced cam-
pus.  The  college  operates  a  finite 
number of vehicles, and an optimal 
set of transports should be found. 
We solve the uniform capacity prob-
lem,  i.e.,  transporting  N  lecturers 
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resenting one transport.
The college logistics are expected 
to  minimize  the  number  of  trans-
ports, as well as the wasted time. 
These  two  objectives  are  in  con-
flict – decreasing the wasted time 
requires an increase in the number 
of transports. Our aim is to find the 
best  transport  arrangement,  for  a 
given number of transports, k. The 
transport manager should start with 
the minimal k, compute the best ar-
rangement, then increase k, check 
the extent of improvement and de-
cide if it justifies adding a transport. 
Iteratively,  he  continues  increasing 
k, until an optimal balance between 
time and money is achieved. For a 
given k, we consider two common 
objectives of minimizing the wasted 
time.  The  first  –  the  additive  ap-
proach - aims to minimize the sum 
of wasted times of all the lecturers. 
The  second  –  the  min-max  ap-
proach – aims to minimize the maxi-
mal wasted time.
We state three main levels of prob-
lem complexity, with increasing dif-
ficulty:
1.The  one-directional  case,  with 
one type of passengers.
2.The  one-directional  case,  with 
passengers of both types.
3.The  general  case  of  two  direc-
tions,  with  both  types  of  passen-
gers, and a fixed number of vehicles 
of known capacities.
Let us give an example of the easi-
est  scenario  to  demonstrate  our 
algorithm.  We  take  N=7  s-type 
lecturers.  A  time-list  is  given  by 
S={7,9,10,11,13,15,15}  (R=Ø). 
This  means  that  the  first  lecturer 
should depart not later than 7, the 
next should depart until 9, etc. The 
number of transports is taken to be 
three (k = 3), and each transport has 
a maximal capacity of three passen-
gers (C = 3). 
A  reduction  to  the  shortest  path 
problem  is  introduced,  illustrated 
in  Figure  1.  A  weighted  directed 
graph  of  (N  +1)  vertices  is  con-
structed. Each vertex represents a 
single lecturer, except for vertex 8. 
The vertices are numbered accord-
ing to their order in S. An (i,j) arc 
represents  a  transport  shared  by 
lecturers  (i,i+1,...,j-1).  The  weights 
of the arcs are given here accord-
ing  to  the  additive  objective  func-
tion. The best arrangement is ob-
tained by finding the shortest path 
of length k (the green line), following 
vertices 1, 3, 6, 8. This corresponds 
to the best transport arrangement 
{(7,9),(10,11,13),(15,15)}, with 6 to-
tal waiting hours. Note that the opti-
mal departure times are determined 
by the given partition.
The algorithm can be extended to 
solve the general uniform one-direc-
tional case, in polynomial time. For 
the general two-directional problem 
we have so far found neither an ef-
ficient algorithm nor a proof that it 
is an NP-hard problem, so we ex-
pect further challenges with this re-
search.
Figure 1: 
The weighted graph and resulting shortest path for a simple 
one-directional example with the additive objective function. 20
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The 2011 researchers’ conference 
was held at SCE-Shamoon College 
of Engineering on July 14th 2011. 
In the conference the Research Au-
thority was presented, with its new 
roles, new team members and new 
Dean. Firstly, Prof. Jehuda Hadad, 
the  president  of  SCE,  greeted  all 
participants,  and  expressed  his 
honor in being present at the impor-
tant event which presents the es-
sence of SCE’s excellent academic 
staff. Prof. George Markovitch, di-
rector general of SCE, spoke next 
and expressed his expectations for 
research advancement and his sat-
isfaction with the direction research 
has taken at SCE. 
Dr Amir Eliezer, the newly appoint-
ed Dean, spoke of the importance 
of  research  for  the  college,  and 
presented some new plans for the 
coming  year,  among  them  plans 
to strengthen ties with industry, to 
apply to a wider range of research 
foundations  and  to  further  involve 
students in research, as well as set 
the basis for student exchange pro-
grams. He presented the Research 
Authority’s  current  activities  and 
services, and reminded all research-
ers  of  the  importance  of  making 
use of these. Each of the Research 
Authority’s staff members was pre-
sented  and  spoke  briefly  of  their 
roles and the services they provide 
in maintaining research activity and 
budgeting at SCE.
Mrs. Zohar Wolfarth, Deputy Direc-
tor General for Finance &   Admin-
istration, presented some important 
aspects  of  the  institute's  internal 
research funding and some issues 
regarding effective and proper ad-
ministration of funds and expenses.
In addition to lectures of SCE’s staff, 
presenting their work, two outside 
speakers were invited to talk about 
their  special  programs.  Ms  Judi 
Stavsky, deputy director of the Ful-
bright  Program  Officer,  presented 
the program, its requirements and 
the  different  aspects  of  the  USA 
Israel student exchange program it 
runs.
Mr  Aviv  Ze’evi-  Balasiano,  ICT&IR 
Director  at  ISERD,  presented  the 
Seventh  Framework  Program  and 
the  ISERD  directorate.  He  spoke 
of the various services and support 
given by ISERD to research institu-
tions and industry in preparing and 
submitting proposals to the EU, and 
reviewed the Israeli researchers and 
institutes currently enjoying this sup-
port and funding.
The  lectures  of  SCE’s  researchers 
provided a brief glance and insight 
into the wide and diverse range of 
scientific  work  performed  at  SCE. 
All departments and units were well 
presented in a variety of interesting 
topics  of  a  deep  importance  and 
impact on everyone’s daily life, eco-
logical  issues,  safety,  healthcare, 
economy and other fields in want of 
solutions and improvement.
The  conference  enabled  all  re-
searchers to become better familiar 
with the work of other scientists op-
erating at SCE, and perhaps even 
open up the door to more coopera-
tion and joint projects which would 
enhance  the  scope  and  quality  of 
research at SCE.
The conference ended on a positive 
and optimistic note of expectations and 
pride in the excellent work done here.
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